In this paper the performance of the DS-CDMA system employing a suppression filter for rejection of narrow band interference (NBI) is provided. Two types of NBI, namely the binary phase shift keying (BPSK) and the single tone interferences, are considered. The behavior of the DS-CDMA system with and without a suppression filter over a Raleigh fading channel and under the effect of the two types of NBI is analyzed. The effects of suppression filter coefficients, DS-CDMA system parameters, and the NBI parameters on the performance of the system are evaluated analytically. It is shown that the suppression filter is more effective against the single tone NBI than in the case of the BPSK NBI. Moreover, it is proved that using a suppression filter with total three taps is sufficient to mitigate the effect of either the BPSK or single tone NBI.
thoroughly with less impairment to useful signals. On the other side, time-domain filtering is of less complexity than the MUD scheme with more performance improvement [3] . In this paper, the average bit error probability of the DS-CDMA system subjected to BPSK and single tone NBIs and equipped with a suppression filter is derived. A well defined closed formula for the BER for each type of NBI is provided. The obtained results matches the results obtained in [4] for the case of BPSK NBI, moreover, this work is extended to cover the single tone NBI. Also, the comparison between the double sided and single sided filters in mitigating the effect of the two proposed NBIs is analyzed when the carrier of the NBI does not coincide with the carrier of the DS-CDMA signal. The performance comparison of the system with and without a suppression filter under the effect of the two proposed types of NBIs is introduced. The behaviour of the suppression filter is evaluated for different situations, such as the effect of the number of taps and existence of an offset in frequency between the carrier of the NBI and the carrier of the DS-CDMA signal. The paper is organized as follows. In Section 2, the system model is presented. In Section 3, the performance of the DS-CDMA system with the use of a suppression filter in presence of a BPSK NBI is derived. In Section 4, the performance of the DS-CDMA system with the use of a suppression filter in presence of a single tone NBI is derived. Section 5 provides the numerical results. The conclusions are provided in Section 6.
System model:
The transmitted signal of the kth user in the DS-CDMA system can be expressed as [14] ( ) ( ) ( )] 1 stands for the bit and chip rates, respectively. After that, the spread signal is modulated, with phase shift keying modulator (PSK), and then is transmitted. The communication channel is considered as frequency nonselective Rayleigh fading channel with additive white Gaussian noise (AWGN). Moreover, the channel complex gain, k g , is assumed to be with real and imaginary parts are assumed to be uncorrelated Gaussian distributed random variables, each with zero mean and variance The receiver block diagram of the DS-CDMA system, with the use of a suppression filter, is shown in Fig. 1 . The received signal enters the suppression filter, whose impulse response at a specific time is
Where ∆ stands for the offset of the interference carrier frequency from the carrier frequency of the DS-CDMA signal, and  denotes the interference phase of this interference subcarrier. The information sequence ( ) ). An important quantity is the ratio of the interference bandwidth to the spread spectrum system bandwidth 
is a sample function of a stationary zero mean complex Gaussian process, independent of signal and with power spectral density (psd) 
Assuming that the internal interference term can be safely ignored [5] , then the output of the correlator of the kth user corresponding to the zeroth data bit, b k x , can be expressed as
where the terms on the right hand side of (5) are described below. The first term, k D , represents the desired signal of the reference user at the zeroth tap of the suppression filter that is given by ( )
is the transmitted zeroth data bit. The useful signal power given k d is equal to ( )
The second term j k I , is the multiple access interference (MAI) term due to the j th user ( ) j k≠ and it is given by [4] 
given by [4] ( )
The third term, k n , is the channel noise component added to the kth user and it is given by 
The variance of a BPSK NBI, 2 , b J  , is deduced and it is given by ( ) 
, respectively, and
denotes the ratio of the offset of interference carrier frequency to the half spread spectrum bandwidth. Collecting the above results, the decision variable Then the conditional error probability,
where b  has a chi-square distribution given by [15] , (
where b Γ is the average signal to noise ratio and it can be written as In this section, the analytical performance of the DS-CDMA system with a suppression filter in presence of a single tone NBI is derived. The single tone NBI can be represented as
The output of the correlator of the k-th user corresponding to the first data bit in presence of a single tone NBI , t k x , can be expressed in simplified form as in (5) . It is clear that the first three terms ( the desired signal term, the MAI term and the noise component term) are identical for both types of NBIs, and they can be expressed by (6), (8) and (10) respectively, whereas the fourth single tone NBI term,
The variance of the fourth term, 2 , t J  , can be obtained by substituting of p = 0 in (14) and it is given by The average probability of error in the presence of the single tone NBI, 
where t Γ is the average signal to noise ratio in presence of the single tone NBI and it can be written as 
5.Numerical Results and Discussions:
In this section, using the above analytical results, we provide some representative numerical curves illustrating the average bit error probability of the DS-CDMA system with a suppression filter in the presence of a BPSK NBI and single tone NBI. Unless stated otherwise, it is assumed that the ratio of the offset of the interference carrier ). Fig.2 shows the BER performance of the DS-CDMA system with a double-sided suppression filter and without a suppression filter as function of the signal-to noise ratio under the effect of a BPSK NBI or single tone NBI. It is important to mention that this results are obtained under assumption that there are 10 active users, the spreading code has 63 chips per data bit, the ratio (P) of the interference BW to the spread spectrum BW in the case of the BPSK NBI equals 0.1, and the signal-to-interference power ratio is -5 dB. The two-sided filter has three taps and is symmetric (i.e., 
). One can see that, without a suppression filter, the presence of either the BPSK NBI or the single tone NBI results in the same performance degradation. On the other hand, it is clear that employing a suppression filter enhances greatly the system performance, for both types of NBI. It is also shown that the suppression filter is more effective in suppressing the single tone NBI than the case of BPSK NBI. and at the same number of taps, while the performance of the system under the effect of a single tone NBI is alike for both the double sided and single sided filters.
In Fig. 4 and Fig. 5 , the BER of the DS-CDMA system with a double-sided suppression filter is plotted as a function of the number of active users ( K ) and for different values of in the presence of a BPSK NBI and a single tone NBI respectively. It is seen that, for a given average BER and under the effect of any of the two proposed NBI, the system with a double sided suppression filter can support many more users than can the system without a suppression filter especially when dB) the system employing a suppression filter can support almost the same number of users as can the system without a suppression filter. Fig. 6 and Fig. 7 illustrate the BER performance of the system with a double-sided suppression filter as a function of the ratio ( q ), at different values of the number of taps on each side and with j b N E / = -5 dB and under the effect of a BPSK NBI and a single tone NBI respectively. In these figures It is seen that the performance of the system without a suppression filter ( M = 0) is enhanced by increasing the ratio ( q ), whereas the performance of the system with a suppression filter depends on the value of ( q ) with different manners. It is seen that as the value of q becomes very small, the average BER of the system with a suppression filter for ≥ M 1 are almost identical. However, the performance improves as M increases when q increases. It is also shown that increasing the number of taps to be more than one tap in each side increases the complexity of the filter and does not add any performance gain to the system either for small or large values of the ratio ( q ). On the other hand when q is very large (i.e., ≥ q 0.85 in fig. 6 and ≥ q 0.9 in fig. 7 ) the system with and without a suppression filter have the same performance.
In Fig, 8 and Fig. 9 the performance comparison of the DS-CDMA system with the use of double sided and single sided suppression filters and without a suppression filter is illustrated as a function of the ratio (q), total number of taps = 3 and under the effect of a BPSK and a single tone NBIs respectively. It is shown that, the single sided suppression filter outperforms the double sided suppression filter at q = 0.25 and 0.75 under the effect of the two proposed NBIs, and this improvement in the performance is more significant in the case of a single tone NBI. It is also noted that the use of the double sided suppression filter is useless at q = 0.25 and 0.75 because the low-pass version of the autocorrelation of the interference is zero, so that the centre tap coefficient equals one and the other two tap coefficients equal zero. 
Conclusions:
The BER performance has been derived analytically for a DS-CDMA system operating over a Rayleigh fading channel and employing a suppression filter and under the effect of a BPSK and a single tone NBIs. It has been shown that, the DS-CDMA system equipped with a suppression filter has a superior performance than the system without a suppression filter and consequently the system with a suppression filter can support more users. In addition, the double sided suppression filter outperforms the single sided suppression filter for the same number of total taps and in the presence of a BPSK NBI. Furthermore it has been investigated that, the performance of the system under the effect of the single tone NBI is similar for both the double sided and single sided filters. It has been shown that when the offset ratio ( q ) equals to zero, the double sided suppression filter with three total taps is sufficient to mitigate the effect of the BPSK and the single tone NB interferences and increasing the number of total taps beyond three is not necessary.
